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Objectives. Using a new, computerized 24-h 12-lead electrocar- 
diographic (ECG) recording and analysis system (the EAGLE 
system), we sought to evaluate the clinical manifestations of 
ischemic episodes in patients with variant angina and normal 
coronary arteries. 
Background. Although the prognosis of variant angina without 
significant organic stenosis is generally good, the incidence of 
multivessel spasm, amajor prognostic factor, is surprisingly high 
in provocation tests. 
Methods. A total of 122 patients with suspected variant or 
unstable angina underwent 24-h examination with the EAGLE 
system and two-channel Holter monitoring. Thirty patients in this 
group were diagnosed as having variant angina with normal or 
nearly normal coronary arteries. Twenty-two (73%) of these 30 
patients developed anginal attacks with ST segment elevation 
during monitoring and were enrolled in the study. 
Results. The 22 patients had a total of 138 episodes of transient 
ST segment elevation and 13 episodes of ST segment depression. 
No arrhythmias were observed uring ST segment depression, but 
26 episodes of ST segment elevation (19%) were associated with 
arrhythmias: 7 with premature ventricular contractions, 3 with 
ventricular bigeminy, 3 with complete atrioventricular (AV) block, 
1 with complete AV block and couplets of premature ventricular 
contractions and 12 with marked sinus bradycardia (<45 beats/ 
min). Ten (45%) of the 22 patients had multivessel spasm. We 
observed three different patterns of multivessei spasm: 1) spasm 
at a different site on different occasions (migratory spasm); 2) 
spasm that sequentially affected two different sites; 3) simulta- 
neous spasm at more than one site. The duration of ST segment 
elevation was much longer in patients with sequential nd simul- 
taneous spasm than in those with single-vessel spasm, and 
arrhythmias were more frequent during these two types of mul- 
tivessel spasm. 
Conclusions. Although the prognosis of multivessel spasm is 
believed to be poor, this may not necessarily be so. Anginal attacks 
due to sequential nd simultaneous multivessel spasm seem to be 
more dangerous than those involving single-vessel spasm or 
migratory multivessel spasm. 
(J Am Coll Cardiol 1996;27:38-44) 
Sudden cardiac death is not uncommon i patients with variant 
angina and is the most serious outcome of this condition. The 
cause is considered to be the onset of a malignant arrhythmia 
or electromechanical dissociation due to global myocardial 
ischemia (1), or both, and these events may be associated with 
prolonged anginal attacks or multivessel spasm (2,3). Indeed, 
recent reports (3-8) have suggested that multivessel spasm is 
associated with a high risk of life-threatening cardiac events. 
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The most accurate method of establishing the diagnosis of 
variant angina is to document a transient ST segment elevation 
by standard 12-lead electrocardiographic (ECG) recording 
during spontaneous anginal attacks (9,10). However, because 
such documentation is difficult cardiologists generally use 
ambulatory Holter monitoring (10) or provocation tests during 
diagnostic ardiac atheterization (11-13). 
A standard 12-lead ECG recording and analysis ystem has 
been developed at this institution that can automatically store 
an averaged waveform at l-min intervals for up to 48 h and 
perform computer analysis (Easy Analysis by Graphics of 
Long-term ECG System ]EAGLE system]). The purpose of 
the present study was to examine the clinical features and 
incidence of multivessel spasm as well as the ischemic events 
related to life-threatening arrhythmias during spontaneous 
angina attacks in patients with variant angina and normal or 
nearly normal coronary arteries. 
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Methods  
Features of the EAGLE system. The EAGLE system is a 
portable, programmable, microprocessor-based d vice that can 
acquire, store and analyze standard 12-lead ECG data. Using 
an ML-5000 (Fukuda Denshi, Tokyo, Japan), ECG waveforms 
are collected for 15 s of every l-rain period, with premature 
ventricular contractions and electric noise discarded. An aver- 
aged waveform is sent to the workstation (SPARK 2EX Plus, 
Sun, Fujitu, Tokyo, Japan) every minute, and data can be 
stored for up to 48 h of monitoring. Data analysis is done using 
the workstation, which can display either the standard 12-lead 
analog waveforms or digital data on the trend of the summated 
ST segment deviation of all 12 leads over time. ST segment 
trend data can also be displayed three-dimensionally using 
computer graphics. 
Study patients and protocol. One hundred twenty-two 
consecutive patients with a history suggestive of variant or 
unstable angina were examined by the EAGLE system, two- 
channel Holter monitoring and coronary cineangiography, 
with the use of an ergonovine provocation test, between 
January 1993 and December 1994. Thirty patients were diag- 
nosed as having vasospastic angina with normal or nearly 
normal coronary arteries, 22 of whom manifested anginal 
complaints with ST segment changes, detected with the 
EAGLE system. These 22 patients were the subjects of the 
present study. 
The patients remained in bed during monitoring. Intrave- 
nous heparin and oral aspirin were given to patients with sus- 
pected unstable angina. All other antianginal gents were with- 
held from 12 to 24 h before the start of monitoring in 90 patients. 
However, monitoring was carried out under antianginal therapy 
in the remaining 32 patients because it was judged too risky to 
discontinue their medications. Patients were allowed to use 
sublingual nitroglycerin when they noticed chest discomfort. 
Cardiac catheterization was performed using the standard 
Judkins technique on the morning after an overnight fast and 
without antianginal medications, except for 20 patients in 
whom it was judged dangerous to discontinue therapy. The 
standard 12-lead ECG was recorded. Significant coronary 
stenosis (>75% lumen narrowing in at least one major vessel) 
was observed in 60 patients. After confirming that there was no 
significant organic stenosis in the remaining 62 patients, the 
ergonovine provocation test was performed in54. The ergono- 
vine test was not performed in eight patients: Six were taking 
antianginal medications, and two had spontaneous attacks 
during preparation for catheterization. Ergonovine (0.4 rag) 
was dissolved in 6 ml of physiologic saline, and incremental 
doses (0.05, 0.15 and 0.2 rag) were injected intravenously at 
3-min intervals. When angina or ST segment elevation oc- 
curred, coronary arteriography was immediately performed. 
When neither chest pain nor ECG changes were observed, 
coronary cineangiography was repeated 5 rain after the final 
injection of ergonovine, and 3 to 5 mg of isosorbide dinitrate 
was administered intravenously. Coronary angiograms were 
again recorded in multiple views to assess organic stenosis. 
Data analysis. ST segment deviation was analyzed by one 
of the investigators (H.O.) using the workstation. The appear- 
ance of transient ST segment elevation or depression 
>0.10 mV at 0.08 s after the J point in at least wo leads was 
considered diagnostic of myocardial ischemia caused by coro- 
nary spasm. The site of ischemia was defined as the anterior 
wall when the ST segment elevation occurred in leads V1 to V4, 
whereas it was defined as the lateral wall when ECG changes 
occurred in leads I, aVL, V 5 and V 6 and as the inferior wall 
when changes occurred in leads II, III and aVF. ST segment 
elevation in more than one of these regions during the same or 
different anginal attacks was considered evidence of multives- 
sel spasm. The duration of ischemia was calculated from the 
onset of ST segment deviation until the return to baseline. 
Anginal attacks that produced only ST segment depression 
were not used for analysis of the site of ischemia. 
Occurrence of symptomatic anginal attacks during the 
monitoring period was determined by interview in addition to 
review of the event sheets. The time of each symptomatic 
anginal attack was determined before analysis of the EAGLE 
system and Holter data. 
A two-channel 24-h Holter ECG (SM-28, Fukuda Denshi) 
was recorded simultaneously with the EAGLE system data to 
assess the relation between arrhythmias nd ischemia ttacks. 
The modified II and V 5 leads were recorded, and analysis of 
the magnetic tapes was done by one of the investigators (Y.S.) 
using a Holter ECG analysis ystem (SCM-280, Fukuda Den- 
shi). Arrythmias occurring during ST segment elevation were 
analyzed from the real-time tracings. 
Statistical methods. For comparisons of duration of ST 
segment elevation between single-vessel spasm and each type 
of multivessel spasm (single-vessel vs. migratory, sequential 
and simultaneous spasm), random model-type analysis of 
variance (the Satterthweite approximation) was performed 
with the GLM procedure (SAS/STAT statistical software 
program version 6) (14). The Bonferroni criterion was used for 
multiple comparisons. The same analysis was done to investi- 
gate the appearance of arrhythmias sociated with each type 
of spasm using a 0 to 1 score (appear = 1; did not appear = 0). 
For all purposes, a two-tailed p value <0.05 was considered 
significant. 
Resu l ts  
Selected patients. From the study pool of 122 patients, 30 
were diagnosed as having variant angina with normal or nearly 
normal coronary arteries. These patients displayed ST segment 
elevation with chest pain during either spontaneous (n = 22) 
or ergonovine-provoked (n = 24) anginal attacks and had 
normal or nearly normal coronary angiography findings after 
isosorbide dinitrate infusion. Twenty-two (73%) of the 30 
patients who developed anginal attacks with ST segment 
elevation recorded with the EAGLE system were enrolled in 
this study. The EAGLE system examination was performed 
under medication i the remaining eight patients who did not 
have anginal attacks. Clinical data are summarized inTable 1. 
40 ONAKA ET AL. JACC Vol. 27, No. 1 
MULTIVESSEL SPASM IN VARIANT ANGINA Janua~ 1996:38 44 
Table 1. Clinical, Electrocardiographic andErgonovine Provocation Data 
Pt Age/ ST Elevation Corona~' Spasm Type of 
No. Gender Risk Factors With EAGLE With Ergonovine Spasm 
1 58/M Smoker, HT Ant Seg 7 Single vessel 
2 55/M Smoker, HT, DM, Inf Seg 2 Single vessel 
H-Cho 
3 50/M Smoker, HT Inf - -  Single vessel 
4 61/M Smoker, HT lnf Seg 2 Single vessel 
5 62/M Smoker Inf Seg 3 Single vessel 
6 56/F - -  Lat Seg 8 Single vessel 
7 46/M Smoker, H-Cho Inf Seg 2 Single vessel 
8 68/M Smoker, HT, H-Cho Inf - -  Single vessel 
9 61/M Smoker Inf Seg 2 Single vessel 
l0 51/F - -  Inf Seg 4 (PD) Single vessel 
11 68/F - -  Inf Negative Single vessel 
12 60/F HT Inf - -  Single vessel 
13 73/M Smoker, H-Cho Ant, lnf, Lat - -  Mig, Seq 
14 64/M HT Ant, Inf Seg 7 Mig, Seq, Sim 
15 53/F - -  Ant, lnf Seg 7 Mig, Sire 
16 44/M Smoker Ant, lnf Seg 3, Seg 7, Seg 13 Sim 
17 59/F Smoker, HT Ant, Inf - -  Sire 
18 59/M HT Ant, Lat Seg 7 Mig 
19 61/M Smoker, HT, DM, Ant, Lat Seg 6 Mig 
H-Cho 
20 60/M HT lnf, Lat - -  Mig 
21 50/M Smoker lnf, Lat Seg 2, Seg l I Mig 
22 66/M Smoker, HT Inf, Lat Seg 2 Mig 
Ant - anterior wall; DM = diabetes mellitus; F = female; H-Cho hypercholesterolemia; HT - hypertension; 
Inf - inferior wall; Lat = lateral wall; M - male; Mig = migratory, type; PD = posterior descending; Pt - patient; Seg 
- segment, defined according to the American Heart Association; Seq = sequential type; Sire = simultaneous type. 
Detection of ST segment deviation by EAGLE system. 
Twenty-two patients had a total of 138 episodes of transient ST 
segment elevation and 13 episodes of isolated ST segment 
depression. The average number of episodes of ST segment 
elevation per subject was 6.3 _+ 2.2 (mean _+ SD) over 24 h, 
whereas i olated ST segment depression occurred an average of 
0.5 _+ 2.3 times. Patients experienced anginal pain during 36 
(26.1%) of 138 episodes of ST segment elevation, and during only 
1 of 13 episodes of isolated ST segment depression. In addition, 
no arrhytbmias occurred uring isolated ST segment depression. 
Incidence and characteristics of multivessel spasm. ST 
segment elevation was localized to one region in 12 patients 
(Patients 1 to 12, Table 1), and they were considered to have 
single-vessel spasm. Spasm affected the anterior wall in 1 
patients (5%), whereas it affected the inferior wall in 10 (45%) 
and the lateral wall in 1 (5%). In the remaining 10 patients 
(45%), ST segment elevation was documented in more than 
one region, and these patients were considered to have mul- 
tivessel spasm. Good agreement of the involved ventricular 
wall with spasm of the corresponding coronary artery was 
observed between spontaneous attacks and ergonovine provo- 
cation in eight patients (Patients 1, 2, 4, 5, 7, 9, 10 and 21). 
However, the provocation test results were negative in one 
patient who showed spontaneous ST segment elevation on the 
inferior leads (Patient 11). Ergonovine-induced vasospasm and 
ECG changes were less severe than the spontaneous attacks in 
five patients (Patients 14, 15, 18, 19 and 22) and more extensive 
in one (Patient 16). 
Although only simultaneous multivessel spasm was seen 
with ergonovine provocation test in two patients (Patients 16 
and 21), we observed three different patterns of multivessel 
spasm with the EAGLE system: 1) spasm affecting different 
vascular egions on different occasions (migratory spasm) (Fig. 
1); 2) spasm that occurred successively in two different regions 
(sequential spasm) (Fig. 2); and 3) simultaneous spasm in more 
than one vascular egion (simultaneous spasm) (Fig. 3). 
Of the 10 patients with multivessel spasm, 5 (55%) had 
migratory spasm alone, 2 had migratory as well as sequential 
spasm, 2 had simultaneous spasm alone, and 1 had all three 
types of multivessel spasm (Table 1). 
Arrhythmias and clinical findings during spontaneous 
attacks. Of the 138 ischemic episodes, 26 (18.8%) were asso- 
ciated with arrhythmias: 7 with premature ventricular contrac- 
tions, 3 with ventricular bigeminy, 3 with complete atrioventric- 
ular (AV) block, 1 with combined AV block and couplets of 
ventricular premature contractions and the remaining 12 with 
marked sinus bradycardia (<45 beats/min). Fifty-six episodes 
were single-vessel spasm; 60 were migratory multivessel spasm; 
16 were sequential multivessel spasm; and 6 were simultaneous 
multivessel spasm. Table 2 shows the incidence of arrhythmias 
and duration of ST segment elevation in these four different 
types of coronary spasm. During sequential and simultaneous 
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attacks, the mean duration of ST segment elevation was longer 
than that during single-vessel spasm. Arrhythmias were ob- 
served more frequently with sequential and simultaneous 
spasm than with single-vessel spasm. No episodes of ventricu- 
lar fibrillation or ventricular tachycardia were observed uring 
the present study, and no patient developed acute myocardial 
infarction. However, three ischemic episodes of simultaneous 
spasm in Patients 16 and 17 were associated with cardiogenic 
shock and complete AV block. By intravenous isosorbide 
dinitrate and norepinephrine infusions, patients were restored 
to normal blood pressure with recovery of normal sinus 
rhythm. 
Figure 1. Representative example of migratory multivessel spasm 
(Patient 15). A, Analog electrocardiograms (ECGs) during different 
attacks. At 4:20 A~t, ST segment elevation >0.3 mV appeared in leads 
II, III and aVF, with reciprocal depression i leads I, aVE, V 5 and V~ 
(spasm in the inferior wall [top trace]). At 6:21 AM, ST segment 
elevation >0.5 mV appeared in leads VI to Vz (spasm in the anterior 
wall [middle trace]). Bottom trace, Control ECGs. B, ST segment 
changes are displayed three-dimensionally with the ST segment level 
as the Y axis, the 12 leads as the X axis and time as the Z axis. ST 
segment elevation isseen from 4:19 to 4:23 AM in leads II, III and aVF 
(left), corresponding to the top trace in A. ST segment elevation isseen 
in leads V 2 to V 4 from 6:19 to 6:22 AM (right), corresponding to the 
middle trace in A. ST segment elevation in different regions during 
different attacks is clearly demonstrated, bpm = beats per minute. 
Discussion 
Multivessel spasm. Patients with variant angina and nor- 
mal coronary arteriographic results are more likely to have ST 
segment elevation involving the inferior leads, and spasm is 
most common in the right coronary artery (8,9). However, 
spasm may occur at more than one site in a single artery or 
simultaneously in multiple arteries on different occasions. 
Although it is generally believed that the prognosis of variant 
angina without significant organic stenosis is good (15,16), 
there have been some reports (1,2) of sudden cardiac death, 
with the cause speculated to be malignant arrhythmias or 
electromechanical dissociation due to global myocardial isch- 
emia. Dunn et al. (4) reported the first ECG evidence of 
multivessel spasm, with repeated episodes of reversible isch- 
emia occurring in two different vascular territories at different 
times. Subsequently, several studies have shown that the 
incidence of multivessel spasm ranges from 25% to 76%. 
Okumura et al. (17) found that the incidence of multivessel 
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Figure 2. Example of sequential multivessel spasm (Patient 14). A, At 
11:14 PM, ST segment elevation >0.4 mV is seen in leads II, III and 
aVF (top trace). Marked ST segment elevation i leads V1 to V4 was 
demonstrated in the next few minutes (middle trace). Control electro- 
cardiogram (bottom trace). B, Three-dimensional display of sequential 
spasm. ST segment elevation occurred at 11:13 PM in leads II, III and 
aVF. Soon after eturn to baseline, ST segment elevation occurred in
leads Vt to V4. The sequential nature of the ST segment elevation is 
evident, bpm = beats per minute. 
spasm was surprisingly high (76%) after intracoronary injec- 
tion of acetylcholine. In addition, Fujii et al. (18), using 
two-dimensional echocardiography to examine wall motion 
and wall thickening during attacks induced by hyperventilation, 
reported that the incidence of multivessel spasm was 30%. 
However, methods such as acetylcholine injection or hyperven- 
tilation are considered to be unphysiologic. In addition, accu- 
mulating evidence suggests that intracoronary acetylcholine 
infusion causes constriction in patients with obstructive coro- 
nary atherosclerosis, even in arteries that show only minimal 
angiographic rregularities (19-21). In the present study, we 
observed a discrepancy between the results of the EAGLE 
system monitoring and the ergonovine provocation test with 
regard to the site of coronary spasm. The reason was consid- 
ered to be due the fact that when spasm was documented in 
one coronary artery during ergonovine provocation, the study 
was terminated, and the next higher dose of ergonovine was 
not given. Thus, the dose-dependent ffect of ergonovine on 
the other coronary arteries was not examined under this 
protocol. Our results suggest the importance of documenting 
spontaneous coronary spasm to assess the probable incidence 
of multivessel spasm in daily life. In the present study, we 
utilized the EAGLE system to examine the 24-h incidence of 
multivessel coronary spasm in variant angina, and documented 
spontaneous multivessel spasm in 10 (45%) of 22 patients. 
Types of mnltivessei spasm. We observed three different 
types of multivessel spasm: 1) migratory spasm; 2) sequential 
spasm; and 3) simultaneous spasm. The spasm reported by 
Dunn et al. (4) corresponds tothe migratory type. The second 
type, which we call sequential spasm, is not yet well known. 
Miwa and Fujita (22) reported five cases of sequential spasm 
induced by ergonovine provocation, but they did not describe 
its clinical significance. The present study showed that sequen- 
tial and simultaneous multiple spasm were more frequently 
associated with serious arrhythmias, uch as ventricular bigem- 
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iny or complete AV block. The simultaneous type is well 
known to be dangerous because of the risk of life-threatening 
arrhythmias orelectromechanical dissociation (1,2). Consider- 
ing the three episodes of cardiogenic shock associated with a 
high degree AV block in the simultaneous type of spasm, this 
bradyarrhythmia might be as dangerous as ventricular fibrilla- 
tion and electromechanical dissociation, as Maseri et al. (23) 
have emphasized. Previous reports (24,25) have indicated that 
the occurrence of arrhythmias during ischemic episodes was 
significantly correlated with the severity and duration of isch- 
emia. In the present study, the duration of ischemia with 
sequential and simultaneous spasm was longer than with 
single-vessel spasm. 
Although there are some studies uggesting that the prog- 
nosis of patients with multivessel spasm is poor, our findings 
suggest that this is not necessarily so for patients with migra- 
tory multivessel spasm alone. 
Limitations and clinical implications. There were several 
limitations to this study. 1) The prevalence of multivessel 
spasm was determined on the basis of significant ST segment 
elevation in a 24-h period. If the recording time had been 
extended, a higher prevalence of multivessel spasm might have 
been detected. 2) We did not prove our hypothesis of migra- 
Figure 3. Representative example ofsimultaneous multivessel spasm 
(Patient 17). A, At 1:54 AM, ST segment elevation >1.5 mV appeared 
in leads II, III, aVF and V~ to V6, with reciprocal ST segment 
depression i  leads I and aVL (top trace). Control electrocardiogram 
(bottom trace). B, Graphic display of simultaneous multivessel spasm. 
ST segment elevation started at 1:40 AM in leads II, III and aVF, with 
ST segment elevation i leads Vl to V6 occurring simultaneously from 
1:50 AM. ST segment elevation lasted longer in the precordial leads. 
The duration and extent of the ST segment changes can be easily 
understood from the three-dimensional display. 
tory, sequential or simultaneous spasm in this patient group by 
coronary arteriography. It is a rational assumption derived 
from published data (26), and we made the diagnosis of 
multivessel spasm from ECG changes alone. When the proxi- 
mal portion of a dominant left anterior coronary descending 
artery is occluded, ST segment elevation would be expected on 
leads V~ to V 6 as well as on leads II, III, aVF, I and aVL. 
Therefore, the diagnosis of multivessel spasm by 12-lead ECG 
changes alone may lead to certain inaccuracies. In addition, 
ischemia due to spasm of the left circumflex artery cannot be 
distinguished reliably from that due to spasm of the right 
coronary artery on the basis of ECG changes alone (27-30). 
There were confounding factors in this study, such as the 
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Table 2. Incidence ofST Segment Elevation, Duration and Arrhythmias During Spontaneous Coronary Spasm 
Arrhythmias With ST Elevation (incidence) 
Arrhythmia 
No. of No. of ST Episodes/Pt Duration (rain) AV (yes = 1, no - 0) 
Spasm Type Pts Elevations (mean _+ SD) (lsmean _+ SE) PVC Bi-PVC Coup-PVC Block Brady (lsmean _+ SE) 
Single vessel 12 56 4.7 _+ 3.8 2.7 _+ 0.4 3 0 0 0 2 0.096 _+ 0.049 
Migratory 8 60 7.5 _+ 8.7 2.8 _+ 0.4* 0 0 0 0 5 0.064 _+ 0.061' 
Sequential 3 16 5.3 _+ 4.0 7.5 _+ 1.1t 4 3 0 0 3 0.704 _+ 0.218t 
Simultaneous 3 6 + 2.0 _+ 1.0 6.7 _+ 2.6§ 0 0 1 4 2 1.000 _+ --§ 
*p = NS, "!'p < 0.001, §p < 0.01 versus ingle-vessel spasm (Bonferroni criterion). +One episode featured both complete atrioventricular (AV) block and couplets 
of premature ventricular contraction (Coup-PVC). Bi-PVC - biventricular bigeminy. Brady = sinus bradycardia, lsmean = (ml + "'" + mn)/n, where m i = mean of 
ith patient. SE = square root of estimate of Var (lsmean), where Var (lsmean) = crb2/n + (1/'r~ + ""  + 1/rn) × ~r~2; O-b 2 -- variance between patients (Pts); 6rw 2 
variance within patients; and r I - number of episodes in itb patient; - -  = 1 to n. 
varieties of medication at the inception of study, and the fact 
that not all patients had the ergonovine provocation test. 
Because the present study was not designed to determine the 
prevalence of coronary spasm, but rather to focus on the ECG 
changes and inference thereof during spasm, this variation in 
therapy would seem to be a minor consideration. 
Although our study was limited to only 22 patients, we 
observed 138 episodes of spontaneous ST segment elevation 
on the 12-lead ECG and by conventional Holter monitoring. 
Malignant arrhythmias were associated with sequential or 
simultaneous multivessel spasm, and cardiogenic shock was 
seen with simultaneous spasm only. Thus, these two types of 
spasm appear to be more dangerous than migratory multives- 
sel spasm, and physicians hould be more cautious when they 
document these types of multivessel spasms, even in patients 
with normal coronary arteries. 
We express our great appreciation toYoshimasa lshii, MS from the Kaiseki Center 
of the Tanabe Seiyaku Company for valuable assistance with statistical nalysis. 
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